., 72, 141 (1959)) also indicates that glutamine and glutamate are separately incorporated into RNA. 5 Coles et al.4 observed enzymatic formation of aspartyl-RNA, which gave aspartate on hydrolysis with N NH4OH at 260, and which gave isoasparagine on ammonolysis.
The regulation of calcium concentration in the plasma and extracellular fluids of higher animals is under precise homeostatic control which is predominantly endocrine in nature. Of particular importance are the influences of vitamin D and parathyroid hormone. These two agents, acting in concert, control both the ratio and total amount of calcium and phosphate in the extracellular fluid. It is well established that both agents increase the absorption of calcium by the small intestine1' 2 and increase the mobilization of calcium from bone.3-5 In both circumstances they act synergistically, and there is evidence that the presence of the vitamin is necessary for the hormone to exert its characteristic effect.5 The converse does not appear to be true. In addition, the hormone, at least, increases renal tubular reabsorption of calcium.6 All of these effects clearly indicate an action of vitamin D and parathyroid hormone upon calcium transport systems.
Recent work with isolated loops or sacs of small intestine has shown that calcium transport in this tissue is, at least in part, an active process which requires energy from cell metabolism and is stimulated by vitamin D and parathyroid hormone.7- 10 For technical reasons, investigations of calcium exchange at the subeellular level have been carried out with kidney which also transports calcium. Mitochondria isolated from this organ take up calcium by a process which requires ATP, Mg++, and oxidizable substrate but is independent of vitamin D and parathyroid hormone.11 12 However, as will be described in this report, vitamin D and parathyroid hormone, added in vitro, markedly stimulate the subsequent release of calcium from these organelles. 13 Methods.-Young, male rats of the Sprague Dawley strain weighing 70-80 gm were fed a diet adequate in calcium and phosphorus for [21] [22] [23] [24] [25] [26] [27] [28] Mmoles succinate, and 0.2-0.4 4umoles ATP in a final volume of 3.2 ml. The incubations were carried out at 30'C in a Dubnoff shaker with air as the gas phase. At specified intervals, aliquots of the reaction mixture were pipetted directly into chilled centrifuge cups and immediately centrifuged at 20,000 X g for 5-7 min. The supernatant fluids were discarded, and the pellets were dissolved in 0.2 per cent sodium lauryl sulfate, plated on aluminum planchets, and counted at infinite thinness. It should be noted that the reduced levels of ATP used were sufficient to support the uptake of calcium."I Vitamin D and the various sterols were added to the reaction mixture either in 0.1 ml of propylene glycol or in 0.4 ml of serum from vitamin D-deficient animals. Purified bovine parathyroid hormone' was added in 0.1 ml of 0.0001 M acetic acid.
Appropriate controls were employed in all cases.
Results.-As previously reported, vitamin D has no effect upon the uptake of calcium by kidney mitochondria but does increase the rate of release of calcium.I ' 13 In the previous experiments, after calcium binding had taken place in the presence of excess ATP, hexokinase and glucose were added to remove ATP from the medium.'3 In the present experiments, low levels of ATP were employed which eliminated the necessity of adding hexokinase and glucose. The effect of increasing concentrations of vitamin D added initially, upon calcium binding and its release by mitochondria from vitamin D deficient animals, is illustrated in Figure 1 .
It is apparent that the addition of 20 ttg of vitamin D in propylene glycol resulted in an earlier release of calcium and that the release was progressively sooner with increasing concentrations of vitamin D. When more than 50,g of the vitamin was added, the total radiocalcium bound to the mitochondria after 5 min of incubation was significantly reduced. This could be explained either by an inhibition of uptake or a stimulation of release. The latter appears more likely because these concentrations of vitamin D in the presence of excess ATP had no effect upon calcium uptake.'3 It should be noted that much of the vitamin D comes out of solution when it is added in propylene glycol to the reaction mixture. It therefore appeared likely that much lower concentrations of vitamin D are actually required to stimulate calcium release. In this regard, it is of interest that lower concentrations of vitamin D were effective when added in serum from vitamin D-deficient animals ( Fig. 2) rather than in propylene glycol. Furthermore, the data indicate that the addition of serum from rats fed vitamin D to mitochondria from vitamin D-deficient animals also promoted calcium release. As might be expected, the release of calcium was most rapid when serum from rats fed vitamin D was added to mitochondria from the same animals. Figure 4 , the addition of parathyroid hormone to mitochondria from vitamin D-deficient animals was ineffective in bringing about calcium release.
The addition of graded doses of hormone to mitochondria from rats fed vitamin D, caused a progressively more rapid release of calcium (Fig. 4) . This effect of All hormones were added at 100 jsg per reaction vessel. The reaction mixture contained 0.4 jsmole ATP and 0.9 umole Ca. After 5 min of incubation, all mitochondrial samples contained 120,000-124,000 cpm.
parathyroid hormone was specific in so far as a number of other hormones (Table 2) at equal or higher concentrations were ineffective in bringing about calcium release. It is of interest that parathyroid hormone modified by acetylation was less effective than the native hormone in promoting release.
Discussion.-The present results are the first demonstration of an in vitro action of vitamin D and parathyroid hormone upon calcium exchange in a subcellular system. Both effects are highly specific and are produced by physiologic concentrations of the two agents.
As indicated in Table 1 , vitamin D precursors and related sterols were ineffective even at concentrations of 3.9 X 10-5 M whereas vitamins D2 and D3 were effective at a level of 0.5 fig (3.9 X 10-7 M) when added in serum from vitamin D-deficient rats. The only apparent discrepancy is the fact that dihydrotachysterol2 did not, at the dosage employed, exert a vitamin D-like action. However, this may be related to the fact that this agent, although possessing hypercalcemic activity at least equal to vitamin D, is much less potent as an antirachitic agent. 17 As illustrated in Table 2 , a number of other hormones at concentrations of 3.3 X 10-6 to 5 X 10-7 M had no effect upon calcium release, whereas parathyroid hormone had a definite effect at a concentration of 4 X 10-7 Ml. It is of great interest that acetylated parathyroid hormone was effective; but is was less potent than the native hormone. This correlated well with our observation that this same preparation of acetylated hormone had only 1/$ the potency of untreated hormone when assayed in our standard in vivo rat assay.
The results recorded in Figures 3 and 4 indicate that the presence of vitamin D is necessary to demonstrate a hormonal effect but that the vitamin will exert its action even in mitochondria from parathyroidectomized animals, i.e., in the absence of hormone. This is consistent with the previously published evidence that hormone action is conditioned by vitamin D. ' Of paramount interest is the possible relationship between the calcium exchange of mitochondria and the transcellular transport of calcium. Two possibilities are visualized presently. On the one hand, the uptake and release of calcium may be a property of many subcellular membranes. For example, it is known that the microsomal membranes of skeletal muscle bind calcium by a process requiring Mg++ and ATP.18 However, preliminary experiments in this laboratory have shown no effect of parathyroid hormone in this system nor has it been possible to demonstrate similar calcium binding and release by kidney microsomal fractions. However, the present data are not sufficient to rule out this possibility. In this view, the relation of mitochondrial calcium exchange to calcium transport would be that of serving in the transport system only when properly oriented in specific epithelial membranes, a situation analogous to sodium transport in the amphibian urinary bladder where a property common to many cells (their ability to extrude sodium) has been organized in such a manner as to bring about the transport of this ion.19 20 On the other hand, the mitochondria may have a more direct role in the transport process, as Davies The effects of ultraviolet irradiation on nucleic acids have been the object of much investigation in recent years, and as a result there has emerged a pattern of information concerning the molecular effects of irradiation which can now be readily examined biochemically. The molecular moieties in nucleic acids which are the most sensitive to ultraviolet irradiation are the pyrimidines, specifically thymine'-3 and uracil.4 These pyrimidines, when irradiated in frozen solution as free bases, nucleosides, or nucleotides, form the corresponding dimers in which a cyclobutane ring is formed across the 5,6-double bonds of the two pyrimidine bases. When DNA, polythymidylic acid, or polyuridylic acid are irradiated,5-7 the corresponding dimers are formed providing some credence to the experiments demonstrating dimer formation when free uracil or thymine compounds are irradiated in frozen solution. The role of thymine dimers in biological inactivation of DNA has recently been clarified by Setlow and Setlow,8 who examined the ultraviolet irradiation ac-
